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(ST) An impedance rr^crir^ oevice b provided for 
mamioring the electrical impadanca of ttssu* as a » 
treated wt*etectrosuigical energy. Based on a predicted 
model of tissue impedance arid a rturhber of nitml im- 
pedance reeding the impedance at *nich tissue treat- 
ment is completed is predicted More particularly, a mkv 
■mum mpeoarce level is measure andafunctic* of me 
minirnum impedance is used tobeterrmne §Y*eosnce at 



v^ich coagulation is ccrnptetect A control dwice is pro- 
vided lor bringing the output of the generator with* an 
optir^ range based on a system load curve. In one 
anTbodirnem the impedance monitoring devee is used 
in adjunction w3ha bipolar electrpeurgicai instrument. 
Preferably, the instrument comprises electrical* oppo- 
se electrode* located on one or more tissue engaging 
surteces tor engaging tissue to be treated: 
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Description 

Flefd of the Invention 

This invention relates to eleetrosurgwa! tissue treat- 
ment and in particular, to a memod and apparatus tor 
controlling the electrosurgical treatment of tissue by 
measuring impedance of the tissue being treated by an 
electrosurgical device 

Background of the Invention 

Electroaurgtcal generators are used to deliver ther- 
apeutic electrical energy to surgical instruments These 
instruments are used tor example, for cutting, coagula- 
tion, tissue welding, ablation, and dissection. Both mo- 
nopolar and bipolar generators typically supply etectio- 
su rg cat energy in the radio frequency ^ range tosuch 
•nslrurnents. Usually such generators mctude controls 
that regulate the voltage anoyor current so feat a select 
power level is approximately delivered and a rnaxroum 
power level is not exceeded. 

: Wf>en such RF generators are used, the pnmary 
control is the experience of the surgeon who responds 
to what is observed to be ru*>penir^ to me tissues* * « 
treated with the RF energy. Often, particularly for endo- 
scopic procedure*, surgeons cannot readsy see what is 
dapperling to the tissue: Also, the change in tissue prop- 
erties due to the RF energy may occur soquckJy so as 
not to afford time lor the surgeon to react soon enough 
to turn oft electrical energy to me instrument As a result, 
some problems which may occur ineajoe tissue charring, 
sticking of tissue to the electrodes of me surgical instru- 
ment, end over or \jn^f treatment of tissue. 

It has been recognized that the tissue impotence 
changes as RF energy ie applied to the tissue. Attempts 
have been made to control the power delivered to me 
tissue as t>e tissue impe da nce changes. For example, 
current has been controlled based on the change rime 
voltage or me power delivered by the generator to tissue 
The differential quotient of tissue irnpedance as RF pow- 
er b applied to the tissue has been used to determine 
en initial power level and to switch oft RF power when 
the differential quotient of irnpedance reaches a preset 
value. 

Notwithstanding these control asrangements. there 

is a continuing need tor improvement in the control of 
electroeurgical energy oetrveranee to the tissue enoYof 
determination of when tissue treatment has reached an 
optimal level. 

In particular there is a need to provide a device and 
method for determining the end pomt of coagulation tor 
a variety or a range ot ties us impedance, due to. e.g.. 
varying tissue composition, tissue types and treated tis- 
sue areas andtor volumes. 

The present invention relates to a devce and mem 
od of the type described m EP-A-O 640 317. 



Summery of the invention 

The present invention provides an impedance mon- 
itoring device andfor method which monitors me imped- 
5 ance of tissue between poles ot a therapeutic electrosur- 
gical instnjrnent Based on a model of expected tissue 
impedance behavior over time with the detrver ance of 
electrosurgical energy, the monitored tissue impedance 
»s used to determine tissue status. This win be described 
in more detail below. A signal Indicating status of tissue 
is provided ether to a user or lo an rwrt njrnent coniroler 
The device may also include a switch which automati- 
catiy turns off the electrical energy when treatment b 

In accordance with the present invention, a tissue 
irnpedance monitor is provided which continuously 
rneasures tissue impedance as electrical energy is os- 
trvered to tissue. According to known tissue enpedance 
models, tissue rnpedance mlnallyo^ as electrical en- 
ergy is applied and then begins to rise agar) as coagu- 
lation occurs. The present invention provides tor estab- 
lishing a vatoe tor the minimum irnpedance. ie.. when 
Ihe impedance is at its lowest value as the energy is ap- 
plied. TheW, the vnpeoance; vaJue anticipated to provide 
the desire^ tissue effect is determined by calculating a 
selected function of the established rnirtsmum irnped- 
ance. When the measured irnpedance rises to the level 
of the impeoance value for the desired result; e.g.. co- 
agulation, tissue wetcfcng or a level of diathermy, the in- 
strument w» irtdicste or provide a response for such 
event. The present Invention is preferably adapted so 
that the condition ie detected for a range of expected tis- 
sue mpedance* which varies according to tissue type, 
area andtor volume. 

In a preferred emboo%nent the desired tissue condi- 
tion is where coagulation n completed. When this point 

trot un* or to the user, at which time ma energy supply 
is switched off. The feedback signal may. for example, 
provide a visual, audfele or tactile signal to a user. anoYor 
rrwy provide instrucriorotoac^ 
turn off energy supplied to the tissue. 

Optionally, the device may also include a switch, 
adapted to turn off electrical energy when a short circuit 
condition is detected, when an open circuit condrrJon is 
detected or when the device is on, Le.. supplying current 
or voltage for a preset maximum amount of time. 

In accordance win one aspect ot the pf^$f^ inven- 
tion, an electrosurgical apparatus lor coagulating tissue 
Airing a surgical procedure comprises an end effector 
with opposing interfacing surfaces which may be closed 
towards mach other to engage tissue to be elsctrosurg>- 
catty treated. Preferably me end effector raludes first 
and second element* movable relative to one another 
tor engaging tissue to be coagulated therebetween At 
ieastormoftheeJectrx^poJeeofmeir^^ 
prised of an ele ctr ode ss so ca ps d wOi at least one of the 

Gnrt end mcoac* *ft*m*nta. TKm •totrorf* m in imnaw 
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with the tissue to be coagulated. A pew controller re- 
sponsive to a power control signal provides RF energy 
to the tissue contact^ electrodes) ol the lie st andtor 
second element*. 

Impedance measuring circuitry is coupled lo the RF 
generator output and measures the impedance ol the tis- 
sue between electrodes corresponding to the first and 
second poles. Feedback circuitry ts coupled to the im- 
pedance measuring circuitry. The feedback circuitry in- 
cludes a first device tor determriing a minimum imped- 
ance value end holding said minimum xTipedance value. 
A second device provides a threshold determining circuit 
coupled to the first device. The threshold determining cir- 
cuit determines* threshold irnpedance value as a func- 
tion ol the r>eld rrwiimum i,m^ 

the threshold determining circuit may comprise an 
analog devce for determining the function of minimum 
impedan c e or, a digital circuit including, tor example, a 
look up table tor determining the threshold impedance 
value based on an input minimum impedance vakie. 

After a threshold value has been ctelernwned. a first 
comparator compares the measured impedance value 
to trtrestfold impedance value and generates a power 
control signal to the power controller to control the RF 
energy deSvered to the tissue upon the condition otthe 
measured xt^ieoance value exceeding the threshold im- 
pedance value. 

A power controller may include at least one electrical 
switch tor eelectVefy eupplylng RF energy to the instru- 
ment tocoagutate tissue positioned between the first and 
second elements. 

The power controMer may selective* switch oft the . 
power suppfceoVto the tissue ijnder a number of condi- 
tions. Ihe commoner may be used to switch off power 
when the measured impedance value exceeds the 
threshold impedance value, when an open circuit condi- 
tion or a short circuit condition exists, or if voltage and 
current is supjpeed for a period of time exceeding a max- 
imum. 

Another aspect of the present invention provides a 
control device for bringing the energy output of the gen- 
erator within an optimal range determrtedLby a system 
load curve. The control device usee measured toad im- 
pedance to determine the . desired energy level output 
and cornpares the desired energy output to me actual 
energy delivered to a target including tissue. The control 
device takes the resumng comparison and controls the 
generator output accordingly. 

Although tr^instrum 
or a multipolar device mluding.two or more than two 
ppies. the end effector preferably includes two electrical- 
ly opposite electrodes corresponding to two electrically 
o pp osite pole s . 

In the preferred bipolar device, electrically opposite 
electrodes of each of the poles are located on one or 
both of The opposrtg surfaces. Each of the first and sec : 
or<Jelectrx2tfVc<>posAep 

sue contacting electrode. Tne electrodes ere enenoed 



on the distal end of the electrosurgxal device so that 
when the first and second elements close together to en- 
gage tissue, opposite electrodes are located between a 
portion of the engaged tissue. The impedance monitor- 
s tng circuit monsors the impedance of the tissue between 
the electrodes during the defivery of RF energy through 
thai tissue. As described above a minimum impedance 
is measured from which threshold impedance » calcu- 
lated A cornperator compares the measured rhpedance 
io values to the determined toeshott irnpedance value and 
generates a control signal to switch off theRF power de- 
livered to the tissue, upon the cohdrtion of measured im- 
pedance value exceeding the threshold impedance val- 
ue. 

ts In one preferred e^rr^^ 

cbWespondVig to the first pole are offset with respect to 
me interfacing surface from each of the electrodes cor- 
responding to the second pole. In other words* the elec- 
trodes are offset from each other so that they are not 
20 o^ametricsJry opposed from each other on interfacing 
surfaces or they are separated and insulated from each 
other on the same surf ace 

In the preferred errto^^ in- 
strument ccmpresses tissue in a corhptession zone be- 
*i tween the first interfacing surface andthe second inter- 
facing surface and appbes electrical energy through the 
compression zone. More preferably. compression 
zone is an ajea defined by a corr^reseion 'fxJg^^on one 
~ of the xtfertacing surfaces whfch Comoro tissue 
so against the other interlacing surtace Atterrv^Nrery or in 
addrtion. there may be a compression ridge on both in- 
terfacing surfaces. 

One embodiment incturJes a cutting elen^ 
ciated with an end effector. The dii^ eleVh^ is or- 
M ranged tocut tissue at or hear the coao^Aitkjn sito. Pref- 
erably, the cojagulabon is completed -pik* to any me- 
chanical or other cutting at or around the coaptation 
site. Once tissue is coagulated or cauterized, the cutting 
element may be used io cut through the coa^ufeted tis- 
40 sue or between two zones of tissue coagulation 
m another en^orimeni 
corporaled into a Sneer cutter simitar to a tinear cutting 
mechanical stapler. In this erribexfiment the herhostatic 
device comprises two suietantiaJfy paraW 
«s ed electrode bars which are a ss o ci a t e d with 1 one pole, 
and a slot kx cutting means to travel between the bare. 
Opttonafty one or more rows of staples may provide on 
each side of the slot and bars to provide eddttional he- 
mostasia. 

so to operatioa tissue is clamped between two jaws pf 
the irtstrument, and elec tr i ca l energy in me form of radto 
frequency CPF*) energy is suppfted to the cuinpressed 
tissue to coagutate or cauterize blood vessels along the 
two subetantiaiy pareJel bars. Based on the irrpedance 
55 modeling of the device with this specific electrode con- 
figuratxxv an appropriate function of the rrwwnum im- 
pedance ts tnccxporated rao the impedance feedback 

cmj* to deiecfrww en ao oi aofia t e »w— Hold » 
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'•vol. A warning mechanism is used to warn the user 
when the impedance is out of range or exceeds the 
threshold impedance level. Also the warning eignal may 
bo directed to a control circuit or power controller adapt- 
ed to then provide an appropriate instrument response, 
including where appropriate to turn off the RF energy de- 
livered to the tissue. 

In accordance with another aspect of the present in- 
vention a method of operating apparatus for etectrosur- 
gicalty treating tissue during suro)ca! procedure is pro- 
vided. Accordingly, a preferred method comprises me 
steps of: applying RF energy to tissue to be etectrosur- 
gicaify treated by means of an electrostirgical instru- 
ment; measuring the impedance of the tissue between 
electrodes corresponding to two poles of the etectrosur- 
gical instrument; generating the irppedance signal rep- 
resentative of the irnpedance of the tissue; arid control- 
ling the RF energy applied to the eJectrosurgical instru- 
ment in response to the impedance signal 

The step of com rc#tng the RF energy applied to the 
elect rosurgicai tnstnjrnent may comprise the steps of: 
determining and holding rninimum rnpedance value; de- 
tarmtnng a threshoW impedance value based on a func- 
tion of the nmnimum impedance value; comparing meas- 
ured impedance values to the threshold impedance vat- 
ue; arid generating a control signal to control or switch 
off .the power of the controller upon the condition of 
measured impedance value exceeding fte ftreshold im- 
pedance value. 

In accordance with yet another aspect of the present 
invention, a method of operating an etectrosurgtcat ap- 
paratus for coagulating tissue during surgical procedure 
composes the steps of: pronoiftg an ele ctros vrgicaJ in- 
strument having an end iff ector corrorising thii first and 
second tissue engBo ^ 

and second tissue engaging surface* including thereon 
a tissue contacting ele ctro d e . ew wH at erf wrth m first pole 
of an electrdeurgical system and at least one of said first 
and second tissue engaging surfaces containing thereon 
a second tissue contacting electrode associated with a 
second pole of the system; engaging tissue to be coag- 
ulated between the first and second tissue engaging sur- 
faces; selectively controlling RF energy suppeed to the 
first and second tissue contacting electrodes for coagu- 
lating tissue positioned therebetween: measuring the im- 
pedance of the treated tissue; detemwning and holding 
a rrmtmum impedance value: determining a threshold 
impedance value based on a function of the mnvnum 
impedance value; comparing measured impedance val- ■ 
ues to the threshold irnpedah c e value; and controlling or 
•witching off the RF energy c onnected to tie first end 
second electrodes upon the condition of *>e measured 
impedance value exceeding the threshold impedance 
value. ■■ ' 

Other objects and advantages of the invention wit 
apparent from the foeowing oescrtpuon. the accompany- 
ing drawings and the foeowing claims 



6 

Brief Description of the Drawings 

Fig. 1 is a side view of a bipolar endoscopic electro- 
surgical instrument operable in accordance with the 
s present invention; 

Fig. 2 is a partial cross-sectional view of the distal 
end of the instrument of Fig. 1 in an open position: 

to Rg. 3 is a partial cioss-sebiohal view of the distal 
end of the instrument in Fig. 1 in a closed, unfired 

position; 

Fig. 4 is a partial cross sectional view of the distal 
** end of the instrument in a closso\ fired position; 

. Fig. 5 is a f ront cross sectional view of the distal end 
of the instrument of Fig. 1 along the ene 5-5; 

20 Figs. 6-9 represent a sctiematk: Week diao/am of a 
microprocessor controlled irnpedahce rnondoring 
apparatus tor centreing the RF enerjft delivered by 
etectroeurgicsJ instrument of Figure i * ' ^ 

2S Fig ; 1 0 is a schematic block cfcaVamtf an analog 
embodiment of (he controller for use In the appara- 
tus of Figure 1; 

Fig. 11 Is a logic diagram of the corwroVer ofFig 10 
x> illustrating controf logic for RF output control; and 

Fig. 12 is a characteristic curve illustrating the 
change m impedance over time during application 
of eleclrceurgjcaJ energy to tissue using the electro- 
ns surgical instrument »ustrated in Figure 1 . 

Detailed O— crtotkm of the fnventlon 

Wntfe the present invention is generally applicable 

*o to a variety of sis tUus urgicaJ instruments both monopo- 
tar and multipolar, and both conventional and endoscop- 
ic, it will be d esc r ib e d herein with reference to a bipolar 
linear cutting hstrumeniL 

The primary purpose of the impedance monitoring 

*s device Is to Mermtne when the tissue has been treated 
toao^ssireddegres. Preferatty this treatment is complet- 
ed when the tissue has been cauterized and before ex- 
cessive tissue seeking, burning or chairing occur*. The 
impedance of tissue as it is being heated with electro- 

so surgical energy generaty foeows e chan^cts ns tic tissue 
impedance curve. According to tne ii hpeoTence curve, 
generaty the irnpedahce win decrease, arrive at a mini- 
mum value, and then rise as coagulation and tissue des- 
iccation occurs. At an' impedance or within a range of 

55 rnpedances on a characteristic curve, coagulation wilt 
predictably occur. 

Figure 12 is a characteristic impedance curve illus- 

1i \\m\\\ Hi* f tmuie in Ml aum i m iiwl n i n wni ihnii duiwo 
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tha application of electros urgcal energy using the elec- 
trosurgical instrument illustrated in Figs. i-S. The 
present invention determine* a threshoid impedance on 
the curve et which coagulation has occurred. 46 
This impedance ts based on the value ol the lowest im- 
pedance on me cutve. Z^ 45. is. when me impedance 
has stopped tatting and begins to nse. A function erf me 
minimum impedance ffZ^) b used to appfoximatery 
predict a point at which coagulation occurs. 46. 

Referring now to Fig. 10. there ts illustrated a sche- 
matic block diagram ol en analog embodiment of the vn- 
pedance monkoring device of the present invention. The 
impedance monitoring device determines when coagu- 
lation is complete as we! as other instrument parame- 
ters, tor example, it there is an open circuit, short circuit 
or if voltage and current is supplied to me tissue for more 
than a predetermined maximum amount of time. Such 
conditions may indicate a problem with the instrument 
andtor tissue engaged by me instrument. For example, 
if excessNe. not enough, or nappropf ate Ossue » en- 
gaged by the instrument 

the instrument 10 is positioned to engage tissue to 
bo treated. Then, when appropriately pos«ioned. : RF en- 
ergy is supplied to the tissue 

A generator 70 supplies RF energy to the tissue en- 
gaged by the end effector' 15 of the instrument 10, Pref- 
erably, 30 to 200 volts RMS at a fundamental frequency, 
preferably of, a sinusoidal waveform eta frequency of 
about 300 Khz to 3 Mhz ts supplied with a current of about 
0. 1 to 4.0 amps. The generator 70 is turned on by a user 
operated switch. 42 The user operated switch 42 pro- 
vides a signal, to the controller 79 to turn on me, energy. 
The output 129 of ths controller is coupled to an analog 
swxch 1 30. When output 1 29 provides an on" signal 
to the switch. 1 30. an escttator 72. coupled to an analog 
multiplier 75 through the switch 130. supplies a vottage 
of a known frequency to me analog muBipeer 75. The 
output of the analog multiplier 75 is coupled to a driver 
76 which n coupled to me Input ol an RF amplAer 71. 
An amplified RF signal is supplied by the generator 70 
to a circuit 60 which includes the first electrode 39 and 
second electrode (anvi 1 0) of the instrument 10. and 
the tissue 43 to be treated by the instrument 1 0. 

The current! and vottage delivered to me tissue is 
measured and an RMS current Onus*) an d an RMS volt- 

(*Vr«s") ■> determined. 

A voltage and current sensor 61 senses the current 
and votage delivered to the tissue. The vottage and cur- 
rent sensor 61 includes a low im pedance current trans- : 
former 62 jn series with the generator 70; and a high* 
. impeaance voltage transformer 83 connected in paraflel 
across me generator 70. Preferably me current trans- 
former 82 r^. tor example, a 1:20 winding ratio and a 
SO ohm resistor in parallel with the secondary of the 
transformer. Preferabry the voltage transformer 63 has. 
tor example, a 20:1 winding ratio and a IK ohm resistor 
in paraM wtm me secondary of the transformer. 

Tho output of the current transformer 82 is couoted 



to an RMS converter 84. The RMS converter 84 converts 
the sensed current to a DC signal to provide output 86: 
representative of 1*ms- The output of the vottage trans- 
. former 83 is coupled to an RMS converter 85. The RMS 

s convener 85 converts me voltage signal into an DC sig- 
nal and proves output 87, representative of V RMS . 

The measured impedance. Z, is then calculated 
from the measured l* MS and V RM3 . The outputs 67. 85 
ol v nus en d Irus supplied to an analog divider 88 

to which divides the by the current 1^^ to provide 
an output signal 89 representative of tha measured im- 
pedance, Z. 

From the In*** v hms a 00 * measured impedance, Z. 
. the impedance monitoring device determines whether a 
short [circuit or open circuit condrticnexrsts. whether vott- 
age and current has been deevered for an amount of time 
exceeding a predetsrmned maximum, and whether co- 
agulation ts complete. 

A short circuit condition is determined by comparing 
zo the measured impedanca, Z. to. a predetermined short 
circuit vnpedance threshold at or below which short cir- 
cuit is likely to exist (*Zsc") W the measured Z es at or 
below the Z^, a short circuit signal is provided to the 
controller. 

.The impedance signal 89 Is input to a short ctrcui 
detector 90 comprised of a compafator. The posiUve in- 
put 92 of the comparator is cortruxtsdk> a potentiometer 
. 93 which sets the threshold impedance. Z^c. When me 
irrtoedance signal 89 causes me input at the negators 
30 siput 94 c4 the comparator 91 to be lower rimn that at the 
positive, input 92. an *on* condiUon occurs at the output 
95 of the comparator 91: This condition is convnunicated 
to a togic oontroier 79 which provides a pr euroyammed 
instrument response, which, in this emrxxJiment, in- 
J5 etudes turning off RF energy. 

An open excuft condition exists if there is a voltage 
between the electrodes 18. 39. and no current An open 
circuit is determined as follows: II the V nUS is above a 
preo^termineO minimum threshold Minting a voltage. 
40 V twh ,arximsl #u ^»betowapreo^termirie^ 

current threshold indicating a current m °° 
open circuit signal is provided to a controller. 

A currant mreshold detector 106 Includes a potenti- 
ometer 107 coupled to the negative input 108. The po- 
45 tentiometer 107 sets the Ifem* level so that when a cur- 
rent is present, the current detector 106 wffl indicate as 
such. The 1*^ signal 86 is connected to me posXrve in- 
put 109 of the comparator 106. Thus, when the 1**$ is 
greater than the value. I fh ^ l * set by the potertftometer 
so i07. a positive vottage appears at tha output 110 of the 
current threshold detector 106. 

SrnHarty. a voltage mreshold detector 113 includes 
a ootemornster 11 4 connected to ma negative input 11 5. 
The potentiomeier 114 sets me vottage threshoid at 
55 which the threshold o^eieaort13regis^aposrtr*eout- 
pul. when a minimum vottage is present The 

V*ms ts input to the positive input 116 of Vie 

tnrocnotd dot actor 113 Ttnm. » tti* m um * * * 
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v *tMh by potentiometer 114. a positive voltage 
will appear at the output 1 1 7 ol the voltage threshold de- 
tector 113. 

The output 1 1 7 ol the voltage threshold detector 1 1 3 
is ebo coupled to an AND gate 111 and the output 110 
of me current threshold detector 1 06 a coupled to an in- 
verted input 112 of the AND gate 1 11. The ANO gate 1 11 
acts as an open ctrcurt detector. When the exceeds 
m ° v *»~w» and **>ere Irus does not exceed 1,^, 
a togip i win appear at the output 120 of the AND gate 
111 indicating an open circuit. The output 1 20 of the AND 
gate 1 1 1 * coupled to the controller 79 to communicate 
the open circuit statue. 

II current or voltage is supplied an extended period 
of time and a coagulation complete condition has not 
been detected. It may indicate, for example, that the in- 
strument is not clamped on tissue or that a malfunction 
has occurred, tf the is above the predetermined 

v *mwh or the 1^ « above 1*,^ then a timer is turned 
on/If the timer is on for a period of tvne greater *an a 
predetermined maximum amount of time. T^. then a 
tvne over signal a provided to the controfler. If the dura- 
v lion of the tmer on « not greater than T^ then the de- 
vice continues to supply RF current to the tissue and con - 
tinues to measure current voltage and impedance, etc 
as described above. 

The output 1 1 0 of the current threshold detector 1 06 
is coupled loan OR gate 1 18 which is coupled to a timer 

121. II the t^ exceeds the l*^ the output 110 of the 
current threshold detector 106 wiH present a logic 1 to 
the OR gate 118 which witt then turn on the timer 121 

SimilarVlheotitpw ii7ofm»v^^ 
lector 113 is coupled to the OR gate lie. If the is 
tt[ca « 0ad °Y V*^ the OR gate 11 8 will present a logic 
1 at its output 1 1 9 and turn on the timer 121. The output 
123 of the timer 121 is coupled to the controller 79. When 
the timer 121 has been activated for an amount of ttmo 
that exceeds a preset threshold lime. T,^, the output 
123 w* be a logic 1 . The timer is reset with the user ac- 
tivated switch 42 which is coupled to the timer reset input 

122, when the instrument 10 is reset 

A coagulation complete condition b determined as 
foftowe: First, is determined. Then, a target mpsd- 
ance at which coagulation is complete, z,*^ a calcu- 
lated as a function of the m«nimum impedance The initial 
,mpedanc ^ Zm*' Z»»ft. slope of the impedance curve, 
and time to complete may vary lor a given application 
and/or instrument, but tend to correlate to a function of 
minimum impedance. Depending on the instrument used 
and/or the. actual desired result the actual function of 
mrwmum snpedartce may vary. In this particular embod- 
iment is linear: ((Z^ = 0.2Z + 500 This function 
is bound, ls.. where is > 560 ohms, then 2^, « 
Z^ + SO ohms, f <Z^) may be a afferent function, it 
may be concnuoua. non-continuous, linear. noo-fin*ar. a 
piecowbe approximation andtor in the foim of a look-up 
tabte f <Zn*») may also be bound at different values 
The impedance signal 89 is used todeiermine l>s*ue 
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coagulation as folows: First, a determination is made 
whether the measured Z is a minimum impedance. Z m 
The impedance signal 69 is inverted and offset byagaci 
offset mvener 96. The output of the gain offset inverter 
96 is in turn is coupled to a pea* detector 97. The output 
T02of the gam offset inverter is representative of an in- 
verted and offset measured Z. i.e.. (-Z + k). Z^ will now 
be the highest offset value of (-Z + k) encountered 

The peak detector 97 thus detects and holds the 
highest valus of the inverted and offset measured imped- 
ance. Z. which ts Z^ When Z^ has occurred, the out- 
put 103oftr^peakoWtor97brepn»senta^ec^(-2^ 
♦ k) RF energy is continued to be applied to the tissue 
and the rronitortng for short chcuit. open circuit and time 
over as well as looking for a Z^ coht,nue1i until a Z b 

. W^tneZ^ has been detem^med,f^^ 
z rw (HZ***)) * calculated to provide a impedance. 
^ at which treatment (coagulation) Is completed! The 
outputi03of the peak detector 97 is coupled to a thresh 
old determining circuit 98 which calculates the function 
of to determine the Z^,. The output 99 of the 
threshold determining circuit b representative oTZ^ 
when the measured impedance b equal to Z^. 

A contmoua comparison ^ 
lAnin) « should be noted here that f (Z^ is continuously f 
calculate* a* t(Z)ur*i a V J 

son is continuously made between Z and ffe> uhtl Z^ 
is determined. This does not have a significant conse- 
quence, however, becaiise It ts anticipated that f(Z) wW 
be larger than Z during tissue treatment and a premature 
coagulation complete signal therefore wil not occur. 

If measured Z b less than or eo^ to the 2,^, then 
RF energy b conunued to be suppSed and steps de* 
scr ibed above are carried out urttifaeionajhasbeenpro- 
viderttotf^cc^rcee^thattn^ 
short escort signal, a time over signal, or a coagulate 
complete signal, ft the measured Z b greater than or b 
***** to %^s*i*»nena signal b provided to the controller 
thai coaptation has been completed. Again it b noted 
that in thb emoodiment Z has been inverted and shifted 
inordertoaccoTT*rrKxiata 

detector 97. The impedance values referred to n this 
paragraph are the actual impedance values 

The output 99. Z^^ of the threshold determining 
circuit 96 b coupled to the positive input 101 of a com- 
parator OP amp too. The output 102 of the gain offset 
inverter 96 b coupled to the negative input 164 of the 
comparator too. The comparator too compares the -Z 
♦ * representative vakie which b input to the negative 
siput I04of the comparator 160.10 ttieZtft-,, represent- 
ative value which b calculated as a funcSnof .Z^ + k. 
if -Z k b less than or equal to the Z,^,. the comparator 
output 105 wiH be positive. That b. if the measured Z b 
greater than tfZ^), a coagulation complete signal will 
appear at the output 105 of the comparator 700 V J 

trxbcatwx) w*t«fH»«- errata o~~* 
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the existence of one or more of these conditions the RF 
energy is automat tcaMy turned oft by the controller. Fig. 
11 illustrates the system logic of the controller 79 The 
controller 79 includes a short circuit input 124, a coagu- 
lation complete input .125. an open circuit input 126 and s 
a twne out input 127,. as watt as a reset input 128. The 
controler 79 also includes a RF control output 1 29 which 
switches onanoTorott the RF generator delwery of e4ec- 
trosurgical energy to the tissue. As long as the output 
1 29 is a logic .1. the RFjson. The output 129 is a logic »« 
1 whan coagulate complete 125. time out 127. short cir- 
cuit 124. the open crcu* 126 and the reset input 128. 
are aB ma logic •()"- Many one or more of the Inputs 124. 
125. 126. 127, 128areatalooic/1* the RF control output 
129 is a logic ^0* and the RF is turned' off . « 

A preferred embodiment provides a control device 
which controls the. generator energy output based on 
load impedance. The load vnpedanc* is used to deter- 
mine a preferred energy, level, e.g.. voltage, current or 
power level, based on a specie system toad curve for a ^ 
generator, mstrument anoVor application. The control de- 
vice then compares the actual energy level tor the meas- 
ured impedance with the desired energy level and ad- 
justs the generator output according to the diflerence be- 
tween the two. i.e . . preferably to mirwrwe the difference r 2S 
between tfte two. 

The specfc load curve 
age. current.. power, fona jang^ ot impedance that wiH-". . . . 
optimize performance of the mstrument: The toad curve 
may have various forms, tor example, it may be cent in- *> 
uous or may be stepped. .The toad curve may vary from 
. generator to g^nera^. for a pe^ticuter instrument in use - 
with the generator, or for a particular electrosuraical ap- 
pftcation of the generalor. For example, in a one embod- 
iment using an instrument, such as described herein. & 
three impedance ranges have been identified at which 
different energy requirement* exist: Initially tissue im- 
pedance is in a lower range. e,g^ approximately 20 to 
100 ohms. In the tower ranges, more current is required 
to provide enough power to trxtiate tissue coagulation, A <" 
second, mto-range ojLsrpedafxas. e.g.. approximately 
100 to 500 ohms, requires enough power to maintain the 
coagulation process. A third range of higher vnpedances 
typically occurring towards completion of coag ul a t io n , 
e.g.. a pp r» i matefy 500 ohms and ebove. requiree the 
voltage be Bmned to p re vent sparfcing and tissue sticking. 
Thus the system load curve in mis embodime n t would 
reflect both the inherent characteristics of the generator 
and voltage output at which optimum power ts delivered 
for a particular vnpedance. as wafl as the specific power 50 
requirements tor a predetermined instrument and appli- 
cation. 

Referring to Fig. 10, a gener a tor with a servo loop 
control device, is tfastrated. The impedance signal 89 
and the voftage Vr,^ signal 87 are fed back to the gen- ss 
eralor 70 through a control device- which comprises a 
function fitting device 61 and an error emptifter 62. The 
control device ca uses tne omnmmtot 70 to oroduce von- 
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ages within a desired range based on a load impedance 
fit to a specific load curve. 

The impedance 69 ie fed to a function fitting device 
61 . The output 64 of the I unction titling device 61 repre- 
sents a desred voltage based on the input impedance 
69. Thb desired voltage function is the voltage required 
for the generalor 70 to produce a particular, ore-deter- 
mined toad curve. Desired voltage output 64 atong with 
actual voltage is ted into an error amplifier 62. The output 
65 of the error amplifier 62 represents an error voltage 
which is fed into an analog multiplier 75 through a diode 
77 

After naivety, current, power or another energy pa- 
rameter may be used to control the output of the energy 
source or generator 70. A signal corresponding to im- 
pedance of the target is input into the function fitting de- 
vce which provides a desired current, power or other en* 
erpy parameter output, which ts then compared to the 
measured or calculated currant power or other energy 
parameter. 

Tne diode 77 ensures first quadrant operation of the 
analog multiplier 75. The analog multiplier 75 functions 
as an amplitude modulator of oscsftator 72 such that large - 
error voltages at output 65 rasut. in targe outputs from - 
RF amplifier 71- And smal error voltages of output 65 
result in smaller FF output from RF amplifier 71 . Thus, 
generator 70 acts as a ctasecHoop servo system based 
on voltage such that a desired toad curve is obtained. 
The loop compensation devce 63 acts to stabilize the 
servo loop. If an electrical parameter other than votage 
is usedv the form fining function preferably outputs a sig- 
nal rejecting the difference in the attentat fee energy pa- 
rameier. 

Raterring now to Figures 6-9 a flow chart elustratea 
a method for carrying out a microprocessor cut iti o B ed 
emboolment of the present invention. When the system 
ts turned on (btock 200% the variables including 7,^. 
V twl ^ ; l gl(##K . time over, and Zm^. are totalized (btock 
201). The system continues to took tor the activation of 
the RF switch (Woe* 205) When the RF switch is turned 
on. the interrupts are set tor RF Switch (btock 203). tor 
Short OrcuH (btock 204). end Open Circuit (block 205) 
eo that when one of these interrupt conditions occur, the 
microprocessor automatlcany goes to the instructions 
associated wen btock 234. 

. After the interrupts are set, the timer is started (btock 
206). A sequence is run to check the RF amplifier health 
(btock 207). e.g.; to look lor an Amplifier On signal or to 
check If certajn votages are in a suitable range. If the 
amplifier fs operating property. RF energy is turned on 
(blocks 208 and 209). 

If the amplifier ts not operating correctly* an RF Oft 
request is made (blocks 209 and 210) and a Hardware 
Failure Alert flag is set (btock 211 ). The system tooks for 
a hardware failure flag (btock 233). When the hardware 
latere is detected, the controller provide* a hardware 
teaure alert indication and shuts off: (blocks 243 and 

2441 
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If hardware failure is not indicated (block 233). men 
v rm* Irnw « (block 235) to determine it any volt* 
age or current is being supplied by the system (block 
238). When the system is first initialized, until the instruc- 
tion to turn on energy tn block 209 ts reached, there 
should be no current or voltage. II there is a voltage or 
current with the RF request off. then there is a hardware 
latere A hardware faiure alert is indicated and toe pro- 
gram is stopped ( blocks 24$ and 244). 

H RF energy is turned on (block 209). then the V, m . 
af© read and the impedance. Z. it calculated by 
drviesng the by the 1^. (block 21 2). The controller 
checks to see if the V #ftAW# and 1.*^ flags are set 
(block 21 3). These flags are set when a rnnwnum thresh- 
old voltage is presaot end a minrnum threshold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

If the and l ra ^ flags are sat (21 3) the sott- 

* ware looks tor a time over condition to oatermine if the 
device has been on lor a penodof time in excess of a 
'maximum. If a time over condition ts recognized, the tm- 
>er flag is set RF energy is turned off (blocks 218 and 
219> and a hardware faiure check is run (block 233). 

After looking for a time over condrbon. the controller 
checksifor a short circuit of open circuit condition. II a 
short or open circuit exists, the corresponding short cir- 
cuit or open circuit bit is set (block 220% RF energy is 
turned off (block 221). and a hardware failure check is 
fun (block 233). 

The controller checks again for V #A#w .and l #nrt>4# in 
block 222. before proceeciftg to the threshold determin- 
ing portion of the circuit illustrated in Fig. 8. If the voltage 
or current did not exceed or in blocks 214 

and 216. the controller iterates me sequence beginnrtg 
at block 212 for detecting time over, short drew*, open 
ctrcurt Le., the coagulation complete detection enable 
This enables the device to wart until enough current arid 
voftage is deftvered to the crcuit to check for the coagu* 
lotion complete condition; 

s If the V.^,^ and 1**.^ flags are set, the short circuit 
and Opencxcuil bits are not set (block 220). and the time 
over condAion does not yet exist (block 21 9). the meas- 
ured.impedance used to determine if coagulation is com- 
plete as follows. 

The Z inrtiel flag is set during the first iteration and 
2^ is initially assigned the measured impotence value 
(blocks 223-22S). f nroa»y. 2,^ is the same as the meas- 
ured impedance and thus block 227 is bypassed at block 
226. A calculation is made of tfZ^) (btock228). As long 
as me measured irnpedance is less than the ffZ^). the 
sequence is iterated (229. 231) In the next iteration of 
bloc4uy223-23l . the newly measured impedance « com- 
par ea to the previous measured impedance which has 
been assigned (block 226). As long as *te imped, 
ance » decreasng. 2^, wm be reassigned fte new val- 
ue of the measured trrx>edance (bk)cks226ahd227)and 
the steps repeated: When tha measured vnpedance is 

OTMtM ttWfl Of Musi lot{^) t • ft*. 1*r»c*ofc» imiMd. 



ance. the coagulation complete flag ts set (block 230) If 
coagulation complete flag is set, the RF is turned off 
(block 232) and the hardware failure check is run. 

If after the initial run through the program a hardware 

s failure alert occurs (block 233. 236) or an interrupt oc- 
curs, the program deterrrmes the cause and indicates 
as such (blocks 233-242). The V^. and l mm are read, 
(block 235) If no current or voftage is being delivered to 
the system, the controller checks to see If the open c»- 

* • curt, short circuit or time over flags have been set (block 
237). If soffien a signal irwficates which «ags have been 
set. and the program is returned to start (blocks 240. 
242). Similarly, the controser checks lor the coagulation 
complete flag (block 239). U there was the coagulation 
complete flag has been set it wsl be indicated for ten 
secor>ds (bkx*24l>. 

ptete (block 240) and the program wM return to point at 
the stan (block 242). Preferably the electrical compo- 
nents selected to carry out the steps of Figs 6-9 are 

20 adapted to provide a complete iteration of al the steps 
at least every 1/50 second: 

Fk»lernngr»owto Rgs, 1-5 there is iHusirated an in- 
strument to be used in conjunction with the irnpedance 
feeoback device of the present invention An efxtoecopic 

« linear cutting and stapHng instrument 10 is sfewn having 
a housing 16 coupled to a shaft 30 with a KWi extend- 
ing therethrough and an end effector 1 5 extending from 
the distal end of the shaft 30. The end effector 15 com- 
prises first and second elements which are cemprieed of 

30 intertax^jawmerhbe* 

ably secured to jaw member 34. The housing 16 has a 
clamping trigger 12 for etoeng jaw members 32. 34. Jaw 
members 32. 34 are shown In an unciamped position * 
F*»g. 2. in a ctemped position prk* to ir>strurhem fimg in 

35 P»9- a and in a clamped position after instrument firing 
in Fig 4 

Jaw member 32 comprises an anvil 18. U-shaped 
electrode 39 extending along the length of the jaw 32. 
and a U-shaped msuiahng material 31 surrounding the 

40 ousto*oftheeiectrod*39.J8ttr^ 

surface 33 which faces an inner surface 35 of jaw mem- 
ber 34. The U-shaped electrode 39 corrtprises two elec- 
trically cornmurecating electrode bars 27. 28 fOrrning a 
first pole and located on and extending substantially 

*s along the length of the inner surface 33. The U-shaped 
electrode 39 is comprised of a ccoductor, such as. alu- 
minum or surgical grade stainless steel The bars 27. 28 
are separated by a knffe channel 29 extendfcg longitu- 
dinally through the mxkfte of the electrode 39. Pockets 

*> 36 located on anvil 18 tor recurving staple ends are lo- 
cated along the inner surface 33. lateral to and outside 
of bars 27. 28. The electrode bars 27. 28 and insulating 
material 31 form a ridge 56 extending out retetive to an 
anvil portion 37 of the inner surface 33 (Fig. 5). Tha atoc- 

ss vode39actsasatVstpoleof a bipolar system. Theanvll 
18 is formed of an etectricaty conductive malarial and 
acts as a second pole of the bipolar system, elactnceiV 

ooDocMtothafifitMis TK» ip tm >i y 
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taied from the electrodes by the U-shaped insulating ma- 
teria) 31 

Bipolar anorgy may ba supplied to the end effector 

15 from etactfotufgical generator 40 (fig. 10) through 
wires 1 9. 20 extending into the body 16 of the instrument. 
The generator 40 it itsef controftedby way of switch 42 

- (fig. 10). Wire 1 9 provides electrical currant to the elec- 
trode 39 through electrical contact means exlerxfing 
through shaft 30. Wire 20 came* a current to the anvil 

16 and is counted to the anvil 16 through an electrical 
contact means extending through Ihe shaft 30. The elec- 
trical circuit is dosed whan and when the ctamping 
thggar 12 is dosed . A means of connecting the wire to 
the conespcoding electrode as waft as instrument actu- 
ation means are described in parent application S.N. 
06A095.797, incorporated herein by reference. 

Jaw member 34 comprise* a cartridge channel 22 
and a cartridge 23 inserted into the cartridge channel 22. 
The cartridge 23 lnclub^atrsK*25fc<w^^l3.akrwl» 
channel 26 exf enifog&^^ canter 
of the cartridge 23, a senea of drivers 24 ex te rn* >g into 
the track 25 arid staples 1 7 arranged in two sals of par* 
attet double rows: Whan tissue is engaged between 
clamped jaw members 32. 34. a firing trigger 1 4 located 
on housing 16 may ba actuated to advance a cutting el- 
ement it through the; en ga ged tissue to cut the: tissue.. 
SirrHittaneously* whari the firing trigger ! 4 is actuated; 
the wedge 1 3 is axVanced through th* track 25 causing ■ 
the drvars to 24 to displace towards the staples 17, 
thereby dnvng the staples 1 7 through tissue and into arv 
vil pockets 36. 

In opersJioft. the and effactor 1 5 of the instrument is 
located at a tissue site where tissue is to be treated. The 
jaw marnbara 32, 34 are opanad and tissue is tten 
placed batwaen the interlacing inner surfaces 35. 33 re- 
spoctrvefy of jaw marnbara v ^"d&Tftae c tamp mg trigger 
12 is so^eezedtocausattrM|s^rnernbars.32. 34 to dose 
to locate and compress tissue batwaen- the interfacing 
inner surfaces 33, 35. The doaure of the dampvtg trigger 
12 also doses the electrical ©rcufL When the tissue has 
bean appropriately situated between the jaw members 
32. 34, a user may apply RF energy from the generator 
40 using a user activated switch 42. Currant flows 
through the compressed ttssua between the electrode 
39. La., the bars 27. 28. and the anvi ta 

After tha RF energy is turned off. the controller indi- 
cates the in stru ment status, a,g.. open circuit, short or* 
cut. coagula t ion complete, time over. If the coagulation 
complete status is irxficated. the firing trigger 1 4 may be 
actuated to aovanca icutbng element 11 fnrough fcnie 
channels 26. 29 to cut en ga ged tissue between the bars 
27. 28 where the tissue has bean cauterized. Simultane- 
ously, the firing trigger 14 aoVancaa tha wedge 13 
through track 25 to advanca drivers 24 to fire staptas 1 7 
through tissue and into pockets 36 of the anvil 16. Thus, 
the cut kne is lateral lo tne coagulation fcnes formed by 
the bar electrodes 27, 28 and staples 17 are applied into 
tongituettriaBy double row* on each sid* of cuifano 



ement 11 as tha cuttmg element 11 cuts the tissue. 

Tha invenbon oascrrbed and the specific detafts and 
tha manner in which ft may be carried out having bean 
exempted it win ba readily apparent to those staled tn 

5 the art that innumerable variations. modtfications. and 
extensions of tha basic principles invc4vadrTUjy barnada 
wfthout depamng trpm tha spirit and seeded tha present 
invention. Tha impeebnee feedback system as de- 
scribed above is used to irxtotfe whan sufficient cauter- 

io ization has occurred. -Whan coaptation is complata. a 

. signaf may be provided by a canboftar to a user, or a 
contxoaer may autorrxsti ca Jty turn off tha RF energy. Oth- 
er signals may ba provided to. an instrument ueer as wel. 
.For example a tone ooriesppncsng to tha maaaurad im- 

*s pedanee may ba provided , to a user to audfcty monitor 
tha change in im pe da n ce . 

It is also intended that this device ancyorrrielrtod be 
used with numerous types of e t e ct rosuqxcal instrwnonts 
i ncl uding monopolar* b^potaf arid mutttpotar conftgura- 
: ttom. The impedancafaadback sy^ ba included 

in part or in whole wife the actual instrument, as a sep- 
arate unit ancVor wfth tha energy source or generator. 



25 Ctetme 

. t.-.~ . A control device compnsingr; • 
impedanca measure^ 
ba coupled . to tias^-contac*^ 
oo atad wtfh a tissua^raat^,pcirtibr> of a surgical 
instrument and to an energy source aoaptedtosup- 
ply therapeutic elactrceuirp^c^ 
trades; and , . . 

en energy control signal adapted to contiotRF 
J* energy suppsed from said energy source to said 



cultry is i 

to measure the impedance of tissue engaged 
by 6aid tissue-trea ti ng por t ion of said surgical instru- 



to dstarmina a minimum impedance value; 

to determine a target impedance value as a 
function of said ntfc wis h n impedance value; 

to compare maaaurad imped ance vetoes to 
said target impe d an ce value; and . 

. to atar said energy control signal whan said 
rneasurad impedance value exc ee ds said target 



The control device of datm 1. wherein said imped- 
ance measuring drcudry includes: 

a first device tor determining the nanimum 



a second devtee coupled to said tnt device for 
de t einiining the target impedance vatue as a func- 
tion of said minimum impedance vatue: and 
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anca values to said target impedance value and for 
generating a signal md^atmg whether said meas- 
ured impedance value exceeds said target imped- 
ance value: 

3. A control device adapted to be coupled to an energy 
source lor providing eiectrosurgical energy to tissue 
to be treated, the control device comprising: 

a first input lor receiving at least one of a first 
s^ferxesentmrveofv^^ f0 
energy source to said tissue and a second signal 
representative of current delivered from said energy 
source to said tissue: 

a second input lor receiving a third signal rep- 
resentative of a taroet impedance lor sa^d tissue on is 
the energy source, detenrmed from the first and 
second signals; and 

a function fitting device for proving a fourth 
*9rta» representative of desired energy output 
according to a system load curve, the four* signal ao 
conesr^onding to desired energy output forthe tar- 
get load impedance represented by the third signal; 

wherein said control device is adapted to: 

control energy output by the energy source 
based on the third signal representative of the load as 
impedance; and 

control the energy source to bring eiectrosur- 
gical energy delivered by the energy source to the 
larget wfthtn a range of desired energy output based 
on said system load curve. 

* ^C<wtrolr*v^ 

panson device for cornering said fourth 
resehtallve of desired energy output, to at least one 
of said first and second signals. ^ said comparison as 
device being adapted lo provide a control signal tor 
conirotrrig said energy source. 

& The control device of claim 4, Wert said control 
signal represents a dWerence between said fourth 
signal and said at least one of said first and second 
signals. 

6. A generator for providing eiectrosurgical energy to 
an eiectrosurgical device; said generator compris- *s 

an eiectrosurgical energy source lor providing 
electroswgica! energy to said eiectrosurgical 
device; and 

acccrtroldeviceaccordingtoanyoneofclaims so 

- t to 5. - ■ 

wherein the control device s arranged to con- 
trol the output of said energy source 

7. - An eiectrosurgical device tor treating tissue during 55 
a surgical procedure, the eiectrosurgical device 
comprising: 

eleeirieeiry isolated first and second elec- 



trodes adapted to contact tissue to be treated and 
to cause eiectrosurgical energy to be conducted 
between said electrodes through said tissue and 
1 to5 a ^ t ^ CWa ^^ to0 ^ o ^«<> , clairT« 

wherein the control device is adapted to con- 
trol the output of said elecirosurgical energy 
between sard electrodes. 

a. An elettrbsurgicai device for treating tissue during 
an eiectrosurgical procedure, the ele^rceuroceJ 
device economising: 

etectricaly isolated first and second elec- 
trodes adapted to contract tissue to be treated and 
to cause electrceurgical energy to be conducted 
between said electrodes through said tissue: 

an electrceurg^ energy source for providing 
said electrosurgic^ energy to said electrodes; and 

acontrofdeyicee^cor^ 
1 to 5. *V " . 

wtweinsaklcontrolp^iceK 
trol the output from said electrosurgicaf energy 
source to said electrodes. 

the elec^osurgjeal device of ctavn 7 or 8. wherem 
said first electrode is located on one of a first and a 
second element and wherein said first and second 
elements are movable relative to each other for 
engaging tissue therebetween. 

10. The eiectrosurgical device of ctasn 9. wherein aaid 
second electrode is located on the other one of said 
first and second elements. 



11 



The electfoeurgjcal device of claim 9. wherein: 

said first end second elements each com- 

prises an interfacing surface for engaging tissue to 

be electioeufg>cafly treated, 

said first and second electrodes each com- 
prises one or more electrode elements located on 

satd interfacing surfaces; and 

said first and second electrode elements are 

offset from one another with respect to said frnerfae- 

ing surfaces. 
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